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How the universe made itself 
with entropy

Alex Williams 

From the day of its release (February 
18), Brian Greene’s latest book 

became an “instant New York Times 
bestseller” with the review on Amazon.
com describing it as “a breathtaking 
new exploration of the cosmos and our 
quest to find meaning in the face of 
this vast expanse”,1 Greene is a multi-
award-winning theoretical physicist, 
author of several best-selling popular 
science books, widely known from TV 
and movie appearances, and founder 
of the annual World Science Festival.2

In the preface, he heralds his story-
line as follows:

“… we will walk the timeline of 
the universe, exploring the physical 
principles that yield orderly struc-
tures from stars and galaxies to life 
and consciousness, within a universe 
destined for decay. … We emerge 
from laws that, as far as we can tell, 
are timeless, and yet we exist for 
the briefest moment of time. We are 
guided by laws that operate without 
concern for destination, and yet we 
constantly ask ourselves where we 
are headed. We are shaped by laws 
that seem not to require an underly-
ing rationale, and yet we persistently 
seek meaning and purpose. … It is a 
journey powered by science, given 
significance by humanity …” (pp. 
xii–xiii; all page numbers refer to 
Kindle edition).

Until the End of Time: Mind, matter 
and our search for meaning in an 
evolving universe
Brian Greene
Penguin Random House, New York, 2020

It is an exemplary piece of science 
writing and likely to be a prize win-
ner. However, Greene is to cosmology 
something like what Richard Dawkins 
is to biology—an articulate and persua-
sive storyteller who peddles a biased 
selection of scientific information 
cobbled together with logically flawed 
arguments to try to explain the universe 
without reference to a creator. And, like 
Dawkins, he fails spectacularly.

Reductionistic scientism

Greene persuades his audience 
that “everything from the big bang to 
Beethoven’s Ninth Symphony” can be 
explained in terms of particles moving 
according to the laws of physics: 

“You are a swarm of interacting par-
ticles. So am I. … While I under-
stand how your particles can cause 
you to smile or frown—again, the 
particles just need to appropriate-
ly choreograph their motions—I 
am at a loss to understand how the 
particles yield an inner sensation 
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Reductionism is the belief that 
everything can be understood by exam-
ining its parts. For example, reduc-
tionism says that you can understand 
a steam engine (Greene’s example) by 
taking it apart and studying how each 
of the parts contribute to the working 
of the whole. Such an argument sounds 
reasonable—until you push it further in 
order to explain how the parts them-
selves were assembled from their con-
stituent particles into the sizes, shapes, 
and relative positions that allow the 
steam engine to function. Unsurpris-
ingly, reductionism is silent on the 
subject—it has no explanatory power 
at all! 

Scientism, on the other hand, is the 
belief that science can, in principle (if 
not yet in fact), explain everything. It is 
atheistic, materialistic, and naturalistic. 
It is self-refuting: there is no scientific 
experiment that can show that science 
can explain everything. It is also deep-
ly deceptive because it trades on the 
astounding success of science in giving 
us sophisticated material goods and 
luxurious living standards to then argue 
that it can therefore do anything and 
everything else! However, the endur-
ing mysteries of the origin of the uni-
verse, the origin of life, and the origin 
of human consciousness—all of which 
Greene concedes—stand as witnesses 
that science is not all-powerful. Indeed, 
human consciousness is axiomatic to 
the whole scientific enterprise, a point 
of logic that is lethal to Greene’s argu-
ment, but he seems to be unaware of it.

But he is not so foolish as to think 
that there are no gaps in reductionist 
explanations. To bridge these gaps, he 
invokes the help of just two apparent-
ly all-powerful ‘magic’ ingredients—
entropy and evolution. Choosing only 
two such explanatory principles makes 
things easier for the general reader 
because it appears to provide clearer 
insight into the often-complex material 
that he addresses. But for the critically 
informed reader, it also allows us to 
see in the starkest possible detail both 
the foolishness and the culpability of 
his enterprise.

The entropic two-step

Greene introduces entropy with the 
classic story of the steam engine and 
the development of the laws of thermo-
dynamics. He shows that while entropy 
(roughly equivalent to our common 
notion of disorder) within a closed sys-
tem must always increase, there are 
exceptional times and places where a 
local decrease of entropy ‘just here’ 
is allowed because a greater increase 
is produced ‘over there’ and so the 
requirement for continual increase in 
the system as a whole is maintained. 
In the case of the steam engine the 
decrease ‘just here’ is the ordered struc-
ture and function of the passenger train, 
while the greater increase ‘over there’ 
is the release of waste heat into the 
environment (figure 1). He calls this 
principle ‘the entropic two-step’. It con-
sists of one creative step backwards, in 
which ordered structures are produced, 
then two steps forward as (a) energy 
flows through the ordered structures 
and (b) waste heat is released into the 
environment, ensuring the increase of 
entropy in the overall system. 

He then generalizes the principle to 
everything in the universe:

“The entropic two-step lies at the 
heart of how a universe heading 
toward ever-greater disorder can 
nevertheless yield and support 
ordered structures like stars, plan-
ets, and people. A theme we will 
encounter repeatedly is that when 
energy flows through a system—
like the energy from burning coal 
flowing through the steam, driving 
work, and then exiting to the sur-
rounding environment—it carries 
away entropy and can thus sustain 
or even produce order in its wake. It 
is this entropic dance that will cho-
reograph the rise of life and mind, as 
well as most everything that minds 
deem to matter” (pp. 41–42).

Notice that, taking the steam 
engine as his teaching example, he sum-
marises his principle of the entropic 
two-step without any reference at all 
to the actual steam engine. The intel-
ligently designed, constructed, and 

of happiness or sadness [emphases 
added]” (p. 125). 

He is not using a metaphor here—
he is deadly serious, believing implicitly 
that what he says is factually accurate. 
He attributes agency to the particles, but 
not to the person! He goes on pushing 
the concept to absurd lengths:

“Imagine that you and a rock, each 
minding your own business, are 
idly sitting next to each other on a 
park bench. As I walk by, you sud-
denly see that a hefty tree limb has 
snapped and is hurtling toward me. 
You leap from the bench and tackle 
me with great force, thrusting us 
both out of harm’s way. What is the 
explanation for your heroic, life-
saving act? All the particles mak-
ing up you and all of those making 
up the rock are subject to the very 
same laws, and so neither you nor 
the rock has free will. Yet it is you 
who jumped from the bench while 
the rock just sat there. How do we 
explain this?

You saved me but the rock didn’t 
because your particles are so spec-
tacularly ordered, so breathtakingly 
configured, that they can undertake 
exquisitely choreographed motions 
that are not possible for the particles 
constituting the rock [emphasis add-
ed]” (p. 151).3

Notice again that the particles are 
the active agents! At that point he adds 
a footnote saying that the difference 
between the person and the rock is just 
a matter of probability (p. 353, f.n. 42). 

Has the world gone so mad that such 
jaw-dropping insanity can be promoted 
as award-winning science writing? It 
seems so. Countless eminent scientists 
around the world have become so used 
to swallowing and regurgitating Dar-
winian myths that they have lost the 
ability to think rationally! In fact, under 
his theory, ‘thinking’ is just the motion 
of atoms. And he couldn’t help what 
he wrote!

Greene’s book is the clearest expres-
sion I have ever encountered of reduc-
tionistic scientism. 
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operated steam engine is at the heart of 
his teaching example, so Greene has 
to use an intellectual ‘sleight-of-hand’ 
manoeuvre to whisk away the entropic 
two-step principle while leaving behind 
its functional heart (the steam engine) 
as if it is somehow irrelevant.

And this is how Greene goes on to 
explain everything—by ignoring the 
‘system’ (e.g. galaxies, stars, planets, 
people, steam engines) and just focus-
ing on the entropic energy flows. It 
reminded me of the way that Richard 
Dawkins in The Selfish Gene fooled the 
world into thinking that organisms were 
unimportant, and genes were the key to 
explaining life on Earth.4 

Evolution

Greene does a similar kind of intel-
lectual sleight-of-hand manoeuvre with 
evolution. He tells us that Darwinian 
evolution (via natural selection) can 
explain everything about life, even its 
origin from chemicals (which he does 
admit is speculative at present). But as 
anyone can work out for themselves, 
natural selection only selects among 
a variety of organisms that already 
exist, so it provides no explanation at 
all for where those organisms or their 
variations came from. Yet in the mind 
of Darwinists, natural selection is the 
creative agency in evolution, and it 

explains everything about life on Earth. 
And because they have nothing else to 
appeal to, they must also invoke nat-
ural selection as the creative agency 
which explains the origin of life from 
‘dead’ environmental chemicals. How-
ever, they overlook the fact that natural 
selection means differential reproduc-
tion, so cannot exist before there are 
self-reproducing entities.

Imaginative storytelling

Greene is such an erudite storyteller 
that almost everything he says sounds 
either convincing or persuasive. But, as 
I have shown so far, his two explanato-
ry principles—entropy and evolution—
are wholly inadequate for the task, so 
I will illustrate with a few examples.

Historically, inflation theory was 
introduced to fix problems in earlier 
formulations of big bang theory. It was 
originally proposed to have occurred 
during some tiny fractions of a second 
after the big bang, and it supposedly 
inflated the primordial singularity up 
to something like a sub-human scale. 
However, in Greene’s modern ver-
sion of the story it is now inflation that 
triggers the big bang, and the inflation 
event itself was bigger than the current-
ly observable universe! Yet his version 
of inflation still also occurs after the big 
bang, so he gets to eat his cake and still 

have it (p. 48). 
How did this uni-

verse-sized in   flation 
event occur? Greene 
appeals en  tirely to 
chance say    ing that 
“if you wait long 
enough even the most 
un  like  ly of things 
will hap pen” and 
he claims that this 
is a “simple obser-
vation” (p. 54). But 
according to what he 
has told us that sci-
entists have actually 
ob served about entro-
py, if you wait long 
enough then entropy 
becomes maxed-out 

and nothing at all happens! So once 
again he chooses to eat his cake and 
have it too. 

Yet he then admits: 
“This is not the only proposal 

for how inflationary expansion may 
have gotten off the ground. Andrei 
Linde, one of inflationary cosmol-
ogy’s pioneers, has quipped that ‘for 
every three researchers there are at 
least nine opinions on the matter.’ 
So we must leave to future research, 
… a more definitive answer … For 
now, we will simply assume that one 
way or another, the early universe 
transitioned into this low-entro-
py, highly ordered configuration, 
sparking the bang and allowing us 
to declare that the rest is history” 
(p. 55). 

So, by his own admission, he is 
telling us nothing at all about the origin 
of the universe!

When it comes to large-scale struc-
ture in the universe (galaxies, stars, 
planets) Greene appeals to ‘gravitation-
al snowballing’ as the universal cause. 
For those unfamiliar with snowball-
making you begin with two handfuls 
of snow and compact them together to 
make a solid core. You then place this 
core on a patch of snowy ground and 
start rolling it along (or down a hill, 
which is much more fun). As it rolls 
along, newly encountered snow sticks 
to the already-compressed snow and 
the whole thing quickly grows into a 
large scroll. Good fun, but a culpably 
deceptive metaphor! 

The early big bang universe con-
sisted only of high-velocity gas mol-
ecules (mainly hydrogen and helium) 
expanding rapidly along with expand-
ing spacetime. Neither the physics nor 
the mathematics of this era is anything 
like snowball-making. Snowballs stick 
together via electrostatic forces, and 
they stay on the ground because the 
earth is large enough for the mutual 
gravitational attraction to hold the two 
together. But the kinetic energy of gas 
molecules far, far exceeds any elec-
trostatic forces, and it is much, much 
greater than any mutual gravitational 
attraction. There is nothing in the early 

Figure 1. Greene uses the steam engine to explain the formulation 
of the laws of thermodynamics and the concept of entropy on 
p. 17 in Chapter 2 of The Language of Time. However, he then falsely 
argues that entropy is the creative agent in the formation of material 
structure throughout the universe.
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roared, and the fastball approached. 
Instead, higher-level stories told in 
the language of human reflection 
provide far greater insight. Never-
theless—and this is key—these bet-
ter-suited human-level stories must 
be compatible with the reduction-
ist account. We are physical crea-
tures subject to physical law. … A 
refined understanding is gleaned by 
integrating each discipline’s story 
into a finely textured narrative” 
(pp. 71–72).

In other words, all you need to 
do, according to Greene, is to be a good 
storyteller—as he is—and all the bar-
riers to reductionism will fall into line 
behind you and take upon themselves 
the appearance of being consistent with 
reductionist philosophy.

In a footnote at this point, he 
describes his personal philosophy as 
follows:

“… were I to label my own view, 
the one that will guide our discus-
sion across this book, I would call 
it ‘nested naturalism’. Nested natu-
ralism … is committed to the value 
and the universal applicability of 
reductionism. It takes as a given 
that there is a fundamental unity in 
the workings of the world, and pos-
its that such unity will be found by 
pursuing the reductionist program to 
whatever depth it leads. Everything 
that takes place in the world admits 
a description in terms of nature’s 
fundamental constituents following 
the dictates of nature’s fundamental 
laws. Nested naturalism also empha-
sizes, though, that such a description 
has limited explanatory power. There 
are many other levels of understand-
ing that wrap around the reductionist 
account much as the outer parts of a 
nest wrap around its innermost struc-
ture. And depending on the questions 
being pursued, these other explana-
tory stories can provide accounts that 
are far more insightful than the one 
provided by reductionism. All of the 
accounts must be mutually consis-
tent, but new and useful concepts 
can emerge at higher levels that do 
not admit lower-level correlates. … 

nested naturalism freely invokes 
accounts at whatever levels of 
structure prove most illuminat-
ing, all the while ensuring that the 
accounts fit into a coherent descrip-
tion” (pp. 341–342, f.n. 8).

So, all the barriers to reductionist 
explanations can be compared to layers 
that surround the centre of a nest. Where 
do these ‘layers’ come from? Obviously, 
from the entropic two-step playing out 
on the cosmological stage:

“… living things share a deep kin-
ship not just with one another but 
with stars and steam engines too: 
life is one more means the uni-
verse employs to release the entro-
py potential locked within matter” 
(p. 72).

So, everything can be explained 
and understood as arising from “the 
entropy potential locked within mat-
ter.” And if, perchance, “new and useful 
concepts emerge at higher levels that do 
not admit lower-level correlates [i.e. they 
cannot be explained by reductionism]” 
then “nested naturalism” will “ensure 
that the accounts fit into a coherent 
description.” In other words, heads I 
win, tails you lose. To an evolutionist, 
all evidence supports evolution (even 
if it doesn’t), and to a materialist, all 
evidence supports materialism (even 
if it doesn’t), and to a reductionist, all 
evidence supports reductionism (even 
if it doesn’t). All you have to do is to 
tell the story in the right way—this is 
Greene’s message to the world, and he 
doesn’t seem to be ashamed of it.
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big bang universe to cause stars to form 
so physicists just use their imagina-
tion—that is all it is!

Furthermore, according to modern 
nucleosynthesis theory, higher elements 
(e.g. those that make up rocky planets 
like Earth) were created in the cores 
of exploding stars (supernovae) and 
blasted into space. However, this ‘star-
dust’ consists of very tiny refractory 
grains of things like silicate minerals 
and metal oxides that are very chemi-
cally stable. So, they provide no mutual 
electrostatic attraction to each other, 
and they are also way too small to be 
subject to mutual gravitational attrac-
tion. Gravity does not begin to have any 
influence over such tiny grains until at 
least some of them grow (by unknown 
means) to the size of large asteroids! 
Many recent astronomical images pur-
port to show star formation in regions 
where giant molecular clouds collide, 
but this is not “gravitational snowball-
ing” of stars forming stepwise out of 
stardust. Rather, it would be more akin 
to avalanche meets avalanche.

When it comes to life, Greene refus-
es to believe that there are any irreduc-
ible barriers to reductionism’s explana-
tory power. Rather, what might appear 
to be irreducible barriers are simply 
written off as different ways that sci-
entists in different disciplines choose 
to tell their stories: 

“There are many ways of under-
standing the world. In the traditional 
organization of the sciences, phys-
ics deals with elementary particles 
and their various unions, chemis-
try with atoms and molecules, and 
biology with life. … In more recent 
times, however, the deeper research-
ers have probed, the more they’ve 
realized that grasping the crossovers 
between disciplines is essential. The 
sciences are not separate. … Even 
the staunch reductionist realizes that 
as fatuous as it would be to explain 
a baseball’s trajectory in terms of 
molecular motion, it would only be 
more so to invoke such a microscop-
ic perspective in explaining what 
a batter was feeling as the pitcher 
went through his windup, the crowd 


